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Pentose Phosphate Pathway

* Included in because it provides the NADPH 0’35::‘."
needed for so many biosynthetic reduction reactions,
ucose 6-phosphate

as well as the synthesis of pentoses.

+ But, can also be used for a shunt in the catabolism of
Glc 6-P.

+ The main products are NADPH and ribose 5-phosphate @i@

(Rib 5-P). NADP*
« Oxidative Phase oxidizes Glc 6-P to make NADPH co, «C NADPH
* Non-oxidative Phase re-cycles pentoses to hexoses if
not needed for biosynthesis.
Uses of Pentose Phosphate Pathway (PPP):

»NADPH is an electron donor.
— reductive biosynthesis of fatty acids and steroids
— reductive biosynthesis of amino acids and nucleotide bases
— repair of oxidative damage

NADP*-

NADPH

Ribulose 5-phosphate

Ribose 5-phosphate

Nucleotides, coenzymes,
DNA, RNA

»Ribose 5-phosphate is a biosynthetic precursor of nucleotides.
—used in DNA and RNA synthesis
— or synthesis of some coenzymes

Pentose Phosphate Pathway
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Pentose Phosphate Pathway
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phosphate requires 6 Rib 5-P (30 carbons) to make 5 Gic 6-P
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(30 carbons).




Pentose Phosphate Pathway
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This carbanion is protonated in aldolase
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In transaldolase, it makes a nucleophilic
attack on the aldehyde of the second-
substrate aldose.

Pentose Phosphate Pathway

NADPH Regulates Partitioning into Glycolysis

versus Pentose Phosphate Pathway
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Pentose Phosphate Pathway

Glc 6-P Dehydrogenase Deficiency*

02 . . . Py

l Vo sl e sk taer” - Can be fatal in cases of
antimalarials, divicine h|gh OXidative stress.

Hemolytic anemia

Superoxide ‘o-
radical q

2H' €
Hydrogen glutathione peroxidase — certain drugs, herbicides,
peroxide 202 G 3 and some foods (fava
H' e . beans)
2GSH ’ . .
e : e - Resistance to malaria

Hydroxyl .o, due to hlgh oxidative

free radical .
ree radica l®‘/ S stress in red blood cells
reductase .

Oxidative damageto  NADP* @ + X-linked heterozygous
lipids, proteins, DNA advantage
Glucose 6-Phospho-
6-phosphate glucose glucono-8-lactone
b Essential for
ehydrogenase
(G6PD) red-blood

cells  *Total lack of GBPDH is lethal

Pentose Phosphate Pathway
Glc 6-P Dehydrogenase (G6PD) Deficiency*




Pentose Phosphate Pathway

Reactive Oxygen Species

. (ROS)

l radiation, sulfa drugs, herbicides, Glutathione

4 antimalarials, divicine G S H
Superoxide .-
radical 4 ( )
2H* e” SH
H
(o]
va;:)g:: H,0, : I H )
P - HaN\u/\/?\” ﬁ/N\/COO
e A
= o] slycine
H,0 ooc A cysteine o
glutamate

Hydroxyl "OH 'YECG

free radical l

Oxidative damage to
lipids, proteins, DNA

Pentose Phosphate Pathway

How do we get NADPH from PPP,

Nicotinamide Inner
nucleotide mitochondrial CILC which is made in the cytosol, into
transhydrogenase membrane mitochondria?
I Q m w0 .
Cooeteoos < - S ‘A’iutkk(kxuﬁ(x ooooo ek 0Ub|qu|n0ne IS na‘tura”y
0, “leaky” and facilitates partial
reduction of non-Complex IlI
‘07 targets.
NADH NAD* | /Fef’ superoxide —Single electron transfers
OH (aconitase) dismutase . .
result in free radicals.
+ .
Al f H,0,  *One method by which the cell
NADP - GSSG : : B
Xglu(athlone glutathione can correct free-radicals is
d id .

NADPH T 2 GSH "“"’:l' ;‘e the production of reduced
Glc 6-P Dehydrogenase | 2 i i
(G6PD) Defiioney ! glutathione (GSH), which

inactive y fuels the glutathione shuttle
Enz | | 2GSH SH
oxidative 13 protein thiol £ ft
stress _SH reduction H,ﬁ\../\/g\u /\\c /n\/coo.
I GSSG i, 8 giycine
SH Reactive Oxygen Species (ROS) Can 00¢, N cysteine

active Damage Biological Macromolecules Glutathione




Pentose Phosphate Pathway

Converting Cytosolic Electron Carriers (NADPH from
PPP & NADH from glycolysis) to the Mitochondria

Nicotinamide Intermembrane space Malate- Matrix
nucleotide NADP! (p side) ; aketoglutarate o (nside)
transhydrogenase N W) o ‘antiporter
NADP e <l - B
H _NAD*
o) AT\ Malate
Malate-Aspartate  w +wmon @)~ (O, waom + wt
Sh ttl ? dehydrogenase dehydrogenase ?
uttie “00¢ ~CH, — €00 -00C —CH, —C—C00
Oxaloacetate NH, NH  oraloscetate

1 )
700C —CH, —CH, ~€~€00" “00C —CH, —CH, —C—C00"

H H
Glutamate C Glutamate
a-Kuogllmvmo: a-Ketoglutarate
]

*This more complicated
shuttle is mostly present sspartate
. . aminotransferase
in liver, heart, and

aspartate
aminotransferase

antiporter

kidney. “00C —CH, —oc,—é—ooo‘ “00C ~CH, ~CH, ~ E~C00"

It moves NADH &
NADPH equivalents iy Aspartate = Asparite o
from cytosol to NADH &  *°¢ "“"3"“' N ~00C ~CH, ~€~c00~
NADPH equivalents in Gloamaiseopariae gl "

the mitochondria.

Neteffect: NADH, ————> NADH, |
NADPH

Regulation of
Carbohydrate
Metabolism

Catabolism vs. Anabolism




Gluconeogenesis
svams_suensosmes (GlUCONEOQENESIS

Glycolysis versus

P occurs mainly in
Muﬂmui\ N .
“"'/sx:"m HO the I|Ver and

Fructose
ATP - 6-phosphate . p,
\/ \

Glycolysis occurs
mainly in the
muscle and brain.

kidney cortex.

«Irreversible reactions of
) glycolysis must be
e bypassed in

phospho- I fructose
fructokinase-1 | 1,6-bisphosphatase-1
app <. » Fructose /\_ o
1.6-bisphosphate
)

Dikydroxyacetons
phosphate *

Vs M luconeogenesis.
- Opposing pathways that are both O e g 9
thermodynamically favorable: ]2 ~ o ATP generated
y y : 4 o' [ o GAPDH during gluconeogenesis;
+Glycolysis: AG? =-35 kcal/mol 2NADH + 2H° | - 2NADH + 2H° instead 6 ATPs and 2
. (2) 1,3-Bisphosphoglycerate
-Gluconeogenesis: AG=-9 kcalimol 5 s Foase bex NADH needed per Glc.
b .
— operate in opposite direction v | - aare - Somle qlffer:erg.;nzymes
- end product of one is the starting 2 (""M’TTW"" results in the different
PGM pathways

compound of the other mmmn‘.ow(.m.
+Seven Reversible reactions are :
used by both pathways.
« Three "glycolysis-specific” steps
are reversed with Four
“gluconeogenesis-specific” steps.

— differentially regulated to
prevent a futile cycle

(2) Oxaloacetate
| .280p
Soyrvate
A carboxylas
/2410

i
[(2) Pyruvate |

Regulation of Carbohydrate
Metabolism Gens controled

Glycogenolysis v Catabollsm
versus
I soge lase — Glusngen Synthase _ Phosphorylase (s;;,i"i;g::
Glycolysis 11
versus

1

*Regulated enzymes
often correspond to
points in the pathways
that have the same
substrate and product,
but a different enzyme.

* Also where there are
junctions.

osphoglucomutase

_ Hexokinase Glucose 6-
phosphatase

Phosphofructo- Fructose 1,6-
kinase-1 bisphosphatase
-1

_ Pyruvate Kinase — PEPCK

— Pyruvate
Pyruvate carboxylase
Dehydrogenase

Acetyl-CoA | Qummmmm— 5 Complex

*Can you name those
enzymes?




Regulation of Carbohydrate
Metabolism

Regulation of Pyruvate Trps e
Dehydrogenase ‘ 76
C o m p I ex NADH P
Acetyl CoA
+ Allosteric regulation by energy charge and ADP AT AS
substrate/product - g

—ADP & pyruvate activates
—ATP/NADH & acetyl-CoA inhibit

*Regulated by reversible phosphorylation of E1
—phosphorylation: inactive
—dephosphorylation: active
- PDH kinase and PDH phosphatase are part of
mammalian PDH complex.
—Kinase is activated by ATP.
+ high ATP - phosphorylated PDH - less acetyl-CoA made

+ low ATP - kinase is less active and phosphoprotein phosphatase Pyruvate —<~ Acetyl CoA
removes phosphate from PDH - more acetyl-CoA made




